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ABSTRACT
Food may have two components which govern ingestion: taste and nu­
trient value. The perceived state of an animal’s energy stores may well 
determine what he ingests: when in deficit, possibly he eats for taste;
when in balance or surfeit, for calories. This energy-balance model was 
assumed to adequately predict an animal's feeding behavior.
If energy stores are experimentally disturbed by lesions in the ven­
tromedial hypothalamus, and the amygdala, both presumed ’'satiety" centers, 
changes, if any, in feeding behavior should reflect the animal's "per­
ceived" state of energy stores. The present study predicted that animals 
with ventromedial damage would act as if they were in a state of perceived 
energy deficit, ingesting on the basis of taste. The predicted effect of 
amygdaloid damage was that perceived energy balance would be reported; 
therefore, ingestion would be on the basis of calories.
Albino rats were adapted to either an ad_ lib or 23-hour food depriva­
tion schedule. The adequacy of the energy balance model was tested prior 
to surgical manipulation. Animals in energy deficit because of chronic 
deprivation presented with a dextrose-adulterated diet, responded to the 
positive taste by increasing intake. When a negative diet of quinine 
sulfate was presented, they decreased their intake. Thus, deprivation 
potentiated response to qualitative aspects of the diet. Contrary to 
the model, however, ad lib fed animals also ingested adulterated diets on 
the basis of taste. Only the initial response to various diets was in­
vestigated in this study, not the long-term basis on which regulation oc­
curs. Interpretation of results was that ad lib fed animals, not required 
to regulate intake, are at least as responsive to taste on initial expo­
sure to adulterated diets as animals in chronic energy deficit.
Animals were continued on ad lib or 23-hour deprivation following sur­
gery. Amygdaloid lesions produced no measurable changes in feeding beha­
vior. Regardless of feeding schedule, amygdaloid subjects ate approxi­
mately the same amount as sham controls on all diets; they responded to 
taste as explained above. Body weight, water intakie and rectal tempera­
ture were not affected by amydaloid lesions. The effects of combined ven­
tromedial and amygdaloid lesions on food intake patterns were the same as 
those for animals with only ventromedial damage. Deprived animals with 
ventromedial damage did not become hyperphagic but increased intake of 
dextrose and decreased intake of quinine to exactly the same degree as 
deprived control subjects. Ad lib fed ventromedial animals were hyper- 
pahgic yet ingested less dextrose than stock and even less quinine than 
the other diets. The energy-balance model predicted the intake pattern of 
deprived, but not that of ad lib ventromedial animals. Such lesions sig­
nificantly increased body weight only for ad lib amimals; deprived subjects 
did not become obese. Both groups exhibited polydipsia, that of deprived 
subjects being somewhat less than that of ad libs. Rectal temperatures 
were similar to those of controls indicating no maj-or metabolic disturb­
ances following surgery.
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RELATIONSHIP OF VMH, AMYGDALA, AND 
TASTE UNDER TWO FEEDING SCHEDULES
INTRODUCTION
Food intake is the source of all energy animals have available 
for heat production, work, and storage— either as growth or fat. Adolph 
(1947) feels the potential energy of adequate food controls the urge to 
eat. Although the end result of regulation of intake would seem to be 
control of available energy (Anand, 1961), Brobeck (1946, 1960) feels 
that "animals apparently have no mechanisms for measuring energy per se 
. . . but attain energy balance Indirectly through reactions that are
related to or proportional to energy need (1960, p. 1200)." He con­
ceives of the regulation of feeding as a multifactor concept dependent 
on the integrative functions of the central nervous system. A defi­
ciency of food facilitates feeding reflexes, the brain distinguishes 
between a need for food or water or some other specific need, inhibits 
or facilitates reactions necessary for correcting the deficiency, and 
the central nervous system integrates all the variables into a pattern 
of food-getting activity.
Regulation and the Ventromedial Hypothalamus
The hypothalamus is the center of nervous control whose functions 
are considered to be integrative and quantitative, adjusting energy in­
take to expenditure. This structure is relatively homogeneous among all 
mammals, and has received much research attention as the food-regulating 
center in a variety of species, e_. j». , cats, dogs, goats, guinea pigs, 
mice and rats. Ingram (1960) is of the opinion that hypothalamic areas 
are more important than specific nuclei, and that the major function of 
the hypothalamus is integrative.
2
3Lesions in the ventromedial area of the hypothalamus in animals are 
associated with excessive, sometimes ravenous appetite and with hyper- 
phagia causing extreme obesity with ad lib access to food. This ravenous 
appetite appears immediately after lesions in the ventromedial area 
(Brobeck, Tepperman, and Long, 1943; Kennedy, 1950; Teitelbaum, 1955;
Ingram, 1960). The degree of obesity and the rapidity with which it 
develops have been shown to be a function of the size of the lesion—  
large lesions being most effective in producing obesity (Anand and 
Brobeck, 1951). Mayer (1953) feels size of the lesion influences feed­
ing pattern more than overall intake, but that overeating is vital to 
the occurrence of hypothalamic obesity. Strominger (1947), Ingram (1960), 
Brobeck, jit. _al. (1943) , and Brobeck (1946) concur with the impression 
that obesity results primarily from overconsumption of food, with any 
other effects being secondary.
One of the effects usually observed after ventromedial hypothalamic 
(VMH) lesions is rapid weight gain (dynamic phase) as a consequence of 
hyperphagia. This continues until a high stable plateau is reached at 
which time intake is reduced to slightly above normal (static phase) 
(Brobeck, 1946; Teitelbaum, 1955; Corbit and Stellar, 1964). Corbit 
and Stellar (1964) propose that food intake is inversely related to 
body weight but directly related to the palatability of the diet during 
both the dynamic and static phases of the VMH syndrome. Teitelbaum 
(1955) showed that hypothalamic hyperphagia was extremely sensitive to 
sensory changes in the diet. When the diet was increasingly diluted 
with cellulose, a non-nutritive substance, VMH animals failed to adjust 
their intake to the caloric dilution of food. When. powder was substi­
tuted for a pellet diet, obese VMH animals significantly decreased their 
intake, dynamics slightly increased and normals maintained their intake.
4"Negative" taste, quinine sulfate (0.125% by weight with meal), added 
to the diet significantly reduced the intake of obese, but not dynamic,
VMH animals while dynamics and normals did not change. Addition of 
"positive" taste, dextrose (50% by weight with meal), significantly 
increased obese VMH intake, significantly reduced normals' intake, and 
did not affect dynamics. Because dynamics were not "finicky" like the 
obese VMH, Teitelbaum concluded that dynamics eat heedlessly as much 
as possible at all times and therefore cannot increase their intake to 
"positive" stimulus qualities.
Strominger, Brobeck and Cort (1953) also observed deficits in 
ability to regulate food intake when diets were diluted with fat or 
cellulose following VMH lesions, but noted that these deficits occurred 
whether or not the lesions were effective in producing hyperphagia. 
Finickiness without obesity was observed by Graff and Stellar (19 62) 
when intake of quinine, salt and dextrose adulterated diets was compared 
with intake of powdered stock. From examination of effective lesions, 
they concluded that finickiness and hyperphagia result from lesions of 
the VMH destroying most of the ventromedial area and just posterior to 
it but sparing the most medial nuclei. When the medial portion is des­
troyed, overeating predominated and finickiness is minimal. Rosen 
(1968a, b) failed to obtain finickiness following medial hypothalamic 
lesions, but also did not produce obesity with these lesions.
Brobeck, Tepperman and Long (1943) provide evidence that animals can 
still regulate following destruction of the hypothalamus. They found 
that obese rats were able to self-select a proper diet even though they 
were eating much more of everything. Williams and Teitelbaum (1959) 
observed that dynamic hyperphagic rats doubled their intake of a liquid 
diet when the caloric value was halved and decreased the volume of
5intake when calories increased; normals behaved similarly. On lab pow­
der, lab pellets, high-fat, and mineral-oil and fat diets, Corbit and 
Stellar (1964) found that normals and VMH animals responded in the same 
way to the stimulus properties of the diets, but the response of the 
hyperphagics was greater. The amount eaten and level at which body 
weight was maintained was determined by the stimulus properties of the 
diet; VMHs obtained higher levels of obesity and were hyperreactive to 
stimuli, compared to normals, thus explaining the greater response of 
the VMH animals. Water intake parallelled food intake on all diets. 
Hyperphagics had a lower water:food ratio than normals.
Miller, Bailey, and Stevenson (1950) also reported lower water:food 
ratio for hyperphagics and feel this reflects a marked disturbance of 
water balance after ventromedial damage. In their study the VMH animals 
performed significantly worse than controls despite their being on food 
deprivation schedules which normally increase performance on behavioral 
tasks. When quinine was added to a high-fat diet at low concentrations,
VMH animals ate reliably more than controls; with increasing concentra­
tions of quinine, VMH subjects decreased their intake until they were 
ingesting significantly less than controls. Miller ejt al_. conclude that 
the negative results on their tests by VMH animals suggest that lesions
interfered with hunger mechanisms, causing them to "stick" at a rela­
tively low level. Regulation of food intake depends on regulation of 
feeding behavior, behavior which begins and ends typical feeding periods. 
Brobeck (1955) interprets Miller eT _al.1 s results to mean that VMH dam­
age abolishes a satiety mechanism. If this in fact has occurred, it 
supports the contention of Bruce and Kennedy (1951) that "the hypotha­
lamic lesions which produce hyperphagia do not appear to affect hunger
except by releasing it from inhibition (p. 541)."
6With the braking mechanism for stopping eating destroyed, regula­
tion following VMH lesions " . . .  must take place solely through vari­
ations in appetite . . . (Brobeck, 1955, p. 49)," that is, through 
attention to the stimulus qualities of diets. Several studies have 
reported decreased tolerance for quinine adulterated drinking water 
following ventromedial damage leading to the conclusion that hyper­
phagics who will not eat food adulterated with quinine, will not drink 
quinine adulterated water. Corbit (1965) gave a test solution of 
.025% quinine hydrochloride to VMH hyperphagics and controls. Fluid 
intake was significantly lower for the VMH group and was not a conse­
quence of lower food intake because on the first test day, this group 
ate more food than controls. Corbit concluded that hyperphagics are 
hyperreactive to the stimulus properties of drinking water. Similar 
results are reported by Krasne (1966). Hyperphagics drank less of a 
solution of quinine hydrochloride than normals in a single-bottle test 
but more of various concentrations of a saccharin solution in a study 
by Nachman (1967). Because the preference-aversion curves to saccharin 
and quinine were similar for normals and hyperphagics, Nachman feels 
that lesions do not heighten sensitivity or reactivity to taste quali­
ties but reflect reduced motivation to drink.
Teitelbaum (1961) also holds that finickiness, jL. em , increased 
reactivity to taste and other stimulus qualities which affect palata- 
bility, implies an impaired motivation for food. Changes in feeding 
behavior after VMH lesions may be secondary to a modification in af­
fective reactions (Grossman, 1966). There are probably no changes in 
thresholds to noxious stimuli or a change in the intensity or quality 
of sensations per se (Grossman, 1966; Nachman, 1967), however, lesions 
in or near the VMH do produce a sharp increase in affective responsiveness
to apparently all sensory stimuli, especially negative stimuli. Rosen 
(1968a, b) holds a similar view that alterations in food regulatory pro­
cesses resulting from lesions in the limbic system are probably "secon­
dary to more pervasive changes in the reactivity of the organism (p. 569).
One index of change in the metabolic state of the organism which 
could be affected by VMH damage is alteration in body temperature. But, 
Kennedy (19 53) holds that any primary deficit in body temperature regu­
lation does not accompany hypothalamic hyperphagia. Anand (1961) found 
no decrease in heat production or work in subjects during hypothalamic 
obesity. Recording body temperature in response to forced exercise,
Han and Brobeck (1961) found no deficit in the temperature regulation 
of dynamic hyperphagics.
VMH animals should have the same temperatures as sham operated if, 
as Brobeck (1946) and Ehrlich (1964) believe, there are no metabolic 
disturbances set up by lesions. Hamilton (1967) found that normal tem­
perature regulation was maintained by rats with ventromedial lesions 
until obesity. Previously (Hamilton, 1963) he had ascertained that 
static obese rats regulated body temperature in response to heat and 
cold stress at the same level as control subjects.
Contrary evidence does exist, however: Mayer and Greenberg (1953)
found that non-fasted hyperphagic rats had a significantly higher 
colonic body temperature than either nonoperated or operated non-hyper- 
phagic subjects. After two and six hours of food deprivation the body 
temperature of VMH animals was significantly elevated over that of con­
trols. Stevenson (1969) reports a high correlation between rectal tem­
perature and food intake in VMH rats; they were unable to control intake 
(reduce volume of food ingested in hot environment) to maintain constant 
temperature. On the other hand, Brobeck (1946) found that VMH lesions
8cause "transitory depression of basal heat production" which is neither 
constant nor an essential in the occurrence of obesity. The higher 
colonic temperature reported by Mayer and Greenberg (1953) was not due 
to 1) obesity per se, 2) increased food intake, or 3) failure of heat- 
loss mechanisms. They feel their results indicate that animals do not 
eat to keep warm (as suggested by Brobeck, 1946), but they had no "ob­
vious explanation" to account for their data. Thus, the evidence sug­
gests an affective rather than metabolic change as a consequence of 
VMH damag e.
Regulation and the Amygdaloid Complex
In his monograph on the nervous regulation of food intake, Anand 
(1961) postulated the existence of two components of the central con­
trol of food intake: one a primitive, unconditioned urge to eat con­
taining a satiety mechanism, and a more complex, discriminating mechan­
ism involved in appreciation of palatability (p. 690). The distinction 
between hunger and appetite, and implicitly the existence of separate 
(although probably functionally related) "centers" controlling them is 
also recognized by Bruce and Kennedy (1951). The hunger-satiety mechan­
ism has been shown to be the hypothalamus, while the palatability-dis- 
criminating function is assigned to the amygdala.
Fuller, Rosvold, and Pribram (1957) report "striking increases" in 
food intake during the first two weeks following piriform-amygdala-hip­
pocampal lesions in dogs. In both male and female cats Morgane and 
Kosman (1957) indicated "the one behavioral change that expressed itself 
in the post-operative period was a definite hyperphagia in all the amyg- 
dalectonized animals (p. 599)." Lesions restricted to the posterior 
portion of the ventral amygdala resulted both in increased food and 
water consumption (Grossman and Grossman, 1963). Grossman (1967)
9reports that "apparently permanent" hyperphagia can be obtained if 
larger lesions are produced in this area of the amygdala.
No reliable effect of medial amygdaloid damage on food intake 
had been found by Grossman and Grossman (1963). Bilateral lesions in 
the medial and anterior amygdala resulted in food-intake patterns 
similar to a sham operated control group (Rosen, 1968a, b). While 
Goddard (1964) found that bilateral ablation of the amygdala resulted 
in variable effects on food intake, when hyperphagia did result, it 
was due to constant nibbling where all small objects were taken into 
the mouth and only non-edibles were ejected. Amygdaloid hyperphagia 
did not seem to result in increased food motivation.
The shifts in affective reactions seen to follow amygdalectomy or 
damage to the amygdaloid complex have been well-documented. Kluver and 
Bucy (19 39) found that ablation of the temporal lobes, including the 
amygdala, in monkeys resulted in marked changes in emotional behavior 
and particularly in the reduction of fear reactions. When damage was 
restricted to bilateral lesions of the amygdaloid complex, animals be­
came tame and very tractable, and noticeable changes in food selection 
occurred. Objects normally rejected, but not inedible, were ingested 
following amygdaloid damage without apparent sensory deficits in taste. 
Weiskrantz (in Deutsch and Deutsch, 1966) determined saccharin thresholds 
before and after bilateral amygdalectomy in monkeys and found that, while 
the threshold was unchanged, stronger concentrations of saccharin would 
be ingested. Thus, assuming that preference was altered without any 
change in taste sensitivity, it seems ". . . plausible to believe that
a part of the system which leads the animal to reject certain substances 
has been removed (p. 33, in Deutsch and Deutsch, 1966)." Since bilateral 
damage of the amygdala results in animals who are deficient in their
10
aversion to food, amygdaloid animals should ingest more at each meal 
than controls regardless of the type of diet (Deutsch and Deutsch,
1966).
Literature available on the effects of amygdaloid complex lesions 
on body temperature is scarce. Anand and Brobeck (1952) reported a 
3-5 degree (Fahrenheit) drop in temperature after amygdaloid lesions 
which lasted only about one week post-operatively. No significant dif­
ferences were found by Rosen (1968a) among rectal temperatures of sham 
operates, and medial and anterior amygdaloid lesioned rats. In general 
then, the evidence on the role of amygdala in regulation seems to be 
contradictory.
Regulation and VMH-Amygdaloid Interactions
Although apparently performing separate functions in the central 
control of food intake, the VMH and amygdala have been shown to be con­
nected directly and indirectly. The indirect anatomical pathways 
between the amygdala and the VMH are the hippocampus-fornix and caudate- 
globus pallidus-hypothalamic systems; the direct pathways are the stria 
terminalis and the ventral amygdalo-hypothalamic pathways (White and 
Fisher, 1969). Electrical stimulation of the transition zone of the 
amygdala suppressed eating in deprived rats (White and Fisher, 1969).
This suppression was released when stimulation followed bilateral lesions 
in the VMH. However, lesions in the caudate nucleus and stria terminalis 
maintained suppression of eating with amygdaloid stimulation (White and 
Fisher, 1965). A recent study (White and Fisher, 1969) found that sup­
pression of eating with amygdaloid stimulation was released following 
lesions of the stria terminalis and VMH, but was maintained when le­
sions were in the caudate nucleus and the dorsal fornix. White and 
Fisher (1969) conclude that ". . . amygdaloid stimulation acts via the
11
stria terminalis to increase the level of activity in the ventromedial 
nucleus of the hypothalamus. This causes a suppression of activity in 
the lateral hypothalamus, which results in lowered food intake (pp. 203- 
204)." They do not rule out the possibility that amygdaloid influence 
acts directly on the lateral hypothalamus via fibers in the MFB (medial 
forebrain bundle) instead of through the VMH.
Morgane and Kosman (1960) propose that the inhibitory effects of 
the amygdala on food intake may descend via the periventricular tract 
and the dorsal longitudinal fasciculus of Schutz (efferent connections 
from the hypothalamus to other central areas) since this system is 
usually intact with VMH lesions. However, other evidence points to 
indirect amygdaloid influence on feeding.
Electrophysiological studies by Gloor, Murphy, and Dreifuss (1969) 
have identified two distinct routes by which the amygdala project to 
the hypothalamus: 1) the stria terminalis, and 2) ventral amygdalo-
fugal (VAF) pathways. The basolateral nuclei project to the VMH via 
the VAF pathways while the corticomedial nuclei project via the stria 
terminalis. From their investigations Gloor et al. (1969) conclude 
that since the hypothalamus is able to maintain homeostasis even when 
limbic inputs have been severed, limbic structures are not primary, 
constituent parts of feed-back loops ensuring biochemical homeostasis, 
but may modify certain characteristics by influencing the excitability 
of hypothalamic neurons.
Grossman (1964), in a study of the behavioral effects of chemical 
stimulation of the ventral amygdala, found that reliable effects of such 
stimulation on feeding could be obtained only in deprived subjects. Che­
mical stimulation of the hypothalamus, however, affects eating only in 
sated subjects. "Such results would be expected if one assumes that the
12
amygdaloid mechanisms exert indirect influences on feeding and drinking 
behavior which depend on the level of activity in the hypothalamic sys­
tems (Grossman, 1964, p. 35)." White and FisherTs (1965) study indi­
cated that, in deprived subjects, satiety messages involving the transi­
tion zone of the amygdala act via the VMH. Fisher (1969) feels the 
"satiety message" pathway between the amygdala and the VMH is the stria 
terminalis, and suggests that a system of amygdalar facilitatory neurons 
acts to inhibit cells in the ventromedial nucleus, only indirectly fa­
cilitating ingestive behavior.
In 1952 Anand and Brobeck reported that food intake did not change 
following lesions of the lateral or medial amygdaloid nuclei. When 
VMH lesions were made after these amygdaloid lesions, hypothalamic 
hyperphagia resulted. Kling and Hutt (1958) lesioned the VMH followed 
by amygdaloid lesions. Amygdaloid damage caused a mild, transient re­
duction of hyperphagia which had been a result of the VMH lesions.
Morgane and Kosman (1960) suggested that in cats the amygdaloid complex 
acts as an inhibitory center in food intake regulation, _i. e_. , that it 
is a "satiety" center. Removal of the amygdala caused hyperphagia and 
significantly increased rates of weight gain; VMH lesions caused hyper­
phagia and markedly increased weight gain. With both VMH and amygda­
loid lesions, hyperphagia and weight gain were faster than either alone 
suggesting that "the ventromedial nucleus operates as an inhibitory 
area on food intake in parallel with the amygdaloid nucleus (p. 1318)." 
However, since amygdaloid hyperphagia occurred with almost complete 
destruction of the VMH, the effects of the amygdala on food intake may 
not be mediated through the hypothalamus of the brain stem. Fonberg 
and Delgado (1961) interpret the results of Morgane and Kosman (1960) 
much the same way. Because amygdaloid hyperphagia did not disappear
13
after destruction of the lateral and ventromedial hypothalamus, they 
feel that the role of the amygdala in food intake must be independent 
of these hypo thalamic structures.
Alternatively, Fisher (1969) suggests: "If amygdalar activity
were affecting a facilitatory (hunger drive) system directly, stimu­
lation should also increase food intake in satiated animals, as it 
does when applied to many other limbic sites (p. 899)." Grossman 
(1964), however, found such stimulation (chemical) to be effective only 
when the animal was deprived. Therefore, the amygdala must exert any 
influence it has on feeding indirectly, perhaps by increasing activity 
in an area which in turn decreases activity in the facilitatory area.
One such inhibitory area, as discussed before, is the VMH. In light 
of the above evidence, it would follow that in combined VMH-amygdaloid 
lesioned animals, changes in intake, and possibly body temperature, if 
any, are probably governed by changes in the VMH.
Thus, there seem to be at least two interdependent systems involved 
in the maintenance of energy balance. One of these systems appears de­
pendent upon some quantitative aspect of food while the other depends 
upon some qualitative aspect of food. Feeding behavior may be the re­
sult of the functional relationships between these components active 
at a given time.
Regulation and the Role of Taste and Calories
The urge to eat (hunger) is governed by the potential energy avail­
able (Adolph, 1947) and is crucial in regulation of food/water/heat 
exchanges (Brobeck, 1960) . Teitelbaum and Epstein (1963) view regula­
tion as heavily dependent on the urge to eat which can overcome all 
barriers, e. , bad taste of food. They consider the urge to eat to 
be the "motivation" which must exist for regulation to occur. When
14
motivation is impaired, j5. £. , following brain damage, taste and smell 
become motivating stimuli and are critical for regulation. They as­
sume that taste and smell are usually not critical in long-term regu­
lation of food and water intake because 1) animals regulate caloric 
intake over a wide variety of dietary adulterations, 2) caloric intake 
is apparently not affected by direct manipulation of the taste of the 
diet, and 3) in the absence of taste and smell regulation continues 
(Teitelbaum and Epstein, 1963).
In general, this position assumes that when animals eat, they eat 
for calories (to correct a caloric need or system imbalance) rather 
than for the taste of food. This view is also held by Adolph (1947),
Deutsch and Deutsch (1966), and Kennedy (1967). As hunger increased, 
the attractive qualities of available foodstuffs would be increased, 
so that food which an animal would not ordinarily eat because of some 
aversive qualities would be ingested if it were the only food avail­
able. If food were abundant, or the animal nearly satiated, he would 
become more selective about which foods he ate. This "commonsense" 
view of foodseeking and regulation has been challenged by Jacobs (1961,
1963, 1966) and Jacobs and Sharma (1964, 1969).
According to Jacobs, food intake depends on two types of detector 
mechanisms, one sensitive to metabolic factors (calories, specific dy­
namic action of foods, glucose, amino acids, fatty acids, etc.), the 
other sensitive to sensory factors (smell, taste, texture, etc.).
Metabolic factors he groups under "calories," sensory qualities under 
"taste." All animals are always capable of responding to either taste 
or calories, but which is chosen depends on changes in the relative 
importance of each factor with shifts in energy balance. "The energy 
pool acts as a biasing system, assigning priority to taste when the
15
animal is in deficit, and to calories when it is in balance or sur­
feit (Jacobs and Sharma, 1969, p. 1089)." That is, an animal eats for 
calories when he does not need them (balance or surfeit) and for taste 
when he needs calories (deficit). The hungry animal, therefore, is 
more discriminating and finicky than when feeding acl lib.
That rats eat for calories has usually been supported by dilution 
experiments, where diets are increasingly diluted with tasteless, non- 
nutritive materials and changes in intake on an _ad lib schedule are 
noted. However, Teitelbaum and Epstein (1963) have shown that sensory 
qualities can be separated from caloric content of a diet and adjust­
ment of intake to dilution will still occur. Jacobs (1961) compared 
intake of saccharin, glucose and corn syrup solids in various combi­
nations. Rats were given 18 hours of dry stock diet followed by three 
liquid test diets for 6 hours. A constant caloric input was maintained 
regardless of the energy source or added sweetening of the diets. Ja­
cobs concluded that intake of glucose was based on caloric value, ap­
parently independent of taste.
Since it appeared that taste and calories were independent, a study 
was designed to evaluate these properties as a function of hunger (Ja­
cobs, 1963). Diets were diluted with cellulose or corn oil and water 
and presented to food-deprived and satiated rats. Regardless of bulk, 
satiated animals responded to the nutrient quality of the foods, hun­
gry animals to the flavor. At this time (1963) Jacobs proposed the 
existence of two detector mechanisms: a hunger control system which
responds to sensory qualities and a satiety control system responsive 
to nutrient qualities of food.
Teitelbaum (1955) had shown that hypothalamic hyperphagic rats de­
crease intake with cellulose dilution, increase it with glucose; Miller
16
et al. (1950) that fat increased intake, implying that caloric density 
V7as ignored. When VMH animals were given high fat diet and glucose 
solution, intake increased, but intake decreased when returned to stock 
diet. From this Jacobs and Sharma (1964) concluded that "shifts in 
palatability shown by hyperphagics are not random or spurious, but re­
flect a shift in a stable preference hierarchy (p. 448)."
Jacobs’ experiments have shown that sensory and nutritive qualities 
of a diet are separable, that VMH animals respond to sensory qualities 
in a non-random manner, that deprivation potentiates the taste proper­
ties of a diet. He has suggested that normal animals, when deprived, 
respond to the taste of a diet as do finicky VMH.animals. The equiva­
lence of response of the normal rat in energy deficit (food deprived) 
and the VMH animal (energy balance presumed impaired by the lesion) has 
been used to predict the results of a series of experiments.
On increasingly salty diets, Jacobs and Sharma (1969) accurately 
predicted that the intake of deprived normal rats would be almost iden­
tical to that of VMH animals and both would be different from the normal 
controls. The similarity between normal deprived and VMH subjects 
failed to predict the increased tolerance for increasing strengths of 
quinine (added to both glucose and corn solid test solutions) of deprived 
normal rats. This failure questions the VMH-deprived normal analogy.
Jacobs and Sharma (1969) put forth the following explanation:
However, we should note that all experiments showing decreased 
quinine tolerance in lesioned animals (Miller, ejt al, 1950;
Teitelbaum, 1955) used stock diet as the base for quinine addi­
tive. All the experiments on hungry animals showing increased 
quinine tolerance (Miller, 1956; Williams and Campbell, 1961;
Tenen and Miller, 1964) used liquid food as a base. Perhaps it
17
is not simply a difference of hungry vs. lesioned animal. . . we
also found decreased quinine tolerance in hungry dogs using a 
stock diet base. This suggests that the liquid food vs. stock 
diet base may be the critical variable. If this is so, one would 
expect lesioned animals to show increased quinine tolerance when 
quinine is added to a milk base, or a glucose solution base.
These data are not yet available. Until they are available, it 
is best to withhold judgment on the usefulness of our analogy 
between the hungry rat and lesioned rats, at least in the case 
of quinine tolerance. . . its usefulness may be limited to a 
heuristic function (p. 1109).
The literature on the role of taste vs. calories as the predominant 
factor In ingestion is contradictory. This inconsistency, however, is 
probably due to a confounded variable.
Theory and Hypo theses: A Summary
The present study was based on the assumption that Jacobs’ energy- 
balance theory could explain the feeding behavior of animals with dam­
age in presumed "satiety centers," _i. e_. , the ventromedial hypothalamus 
and amygdaloid complex. There is some evidence (Brobeck, 1946; Stro- 
minger, 1947; Kennedy, 1967) that destruction of the VMH results in 
disturbance and impairment of energy balance. Unfortunately, it is 
difficult to determine if this is due to detector or effector damage. 
Nevertheless, the animal acts as_ if_ he were in a state of long-term 
energy deficit, whether "real" (effector damage) or "imagined" (detector 
damage). Thus, this animal, according to Jacobs' hypothesis, should 
ingest food on the basis of taste. This effective imbalance may then 
be exaggerated by deprivation resulting in even greater finickiness.
At the very least, according to Jacobs’ analogy, there should be no
18
lessening of the finickiness with deprivation.
The indiscriminate eating behavior observed following amygdaloid 
lesions (Weiskrantz, 1956) might also be interpreted by Jacobs1 model. 
Amygdaloid damage may place the animal in a state of perceived per­
manent energy balance. If the regulatory mechanism has "stuck" in a 
position detecting constant balance, changes in sensory qualities of 
the diet would not be the regulatory cue, although he would still be 
able to make some response to the nutrient value of the diet. If this 
hypothesis holds, deprivation should not affect this constantly per­
ceived energy balance in an amygdaloid animal; he should respond to 
dietary changes in a manner similar to a non-deprived normal.
Since the amygdala has been hypothesized to exert its effects on 
food regulation via the VMH (White and Fisher, 1969), destruction of 
both the VMH and the amygdala should have exactly the same effect as 
destruction of the VMH alone. No differences would be expected be­
tween ad lib and deprived animals; response would depend on the "per­
ceived" state of energy pools.
The VMH animals used in the present study were in the dynamic 
phase of the ventromedial syndrome where weight gain is reportedly 
rapid and overconsumption predominates. Graff and Stellar (1962) have 
concurred with Teitelbaum (19 55) that, while finickiness is very appar­
ent during static obesity, it may not appear at all during the dynamic 
phase. However, Teitelbaum (1957) found that deprivation effects were 
more marked on nonobese (dynamic) than obese (static) VMH animals. And 
he noted that "it still remains to be determined whether the less sen­
sitive dynamic hyperphagic rats might still be more sensitive to stimu­
lus aspects of the diet than are normals (1955, p. 161)," although this 
sensitivity is masked by heedless eating. Since deprivation factors are
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an integral part of Jacobs' theoretical position, Teitelbaum's (1957) 
finding on dynamics' sensitivity to deprivation suggested that perhaps 
their "finickiness" might by potentiated by deprivation.
Also, in the static phase reestablishment of some balance between 
factors which increase and decrease obesity has been attained. Brooks 
and Lambert (1946) "assume, therefore, that the nature of the imbalance 
which causes the obesity could be detected most readily during the dy­
namic phase before readjustments occur \-7hich might abolish or mask the 
defects (p. 695)." Thus, the use of dynamic hyperphagics seemed jus­
tified for at least the above reasons.
Reid and Finger (1955) studied adaptation to a 23-hour food depri­
vation schedule in rats using a variety of measures. Progressive changes 
in all measures, e_. j*. , food and water intake, body weight, running 
wheel activity, continued for at least 15 days while activity during 
the hour preceding feeding continued to increase even after 35 days of 
deprivation. They concluded that fifteen days is the absolute minimum 
for adequate adjustment to a limited feeding schedule. Fallon (1965) 
has recently confirmed the necessity of this fifteen-day minimum.
Therefore, no pre-operative testing was done until after 15 days on a 
23-hour food deprivation schedule.
Available food energy of ingesta may be measured as kilocalories 
per gram. Hamilton (1963) gives the value of 3.61 Kcal/gram as the 
food energy available in Purina Laboratory Meal. According to Brown 
and Brengelman (19 65) one gram of glucose contains 3.81 Kcal/gram. In 
a diet of 50% glucose to Purina Meal by weight, the available food energy 
would be 3.71 Kcal/gram. Teitelbaum (1955) and Graff and Stellar (1962) 
reported that powdered food adulterated with 50% dextrose slightly 
lowered intake in normal rats. Supposedly this decrease occurred on
20
the basis of the Kcal available.
Accepting Jacobs f theoretical model as an accurate interpretation 
and explanation of an animal’s feeding behavior, the present study 
assumed that the perceived state of an animal’s energy stores deter­
mines what he ingests. When he senses balance or surfeit, he eats for 
calories, the nutrient properties of the diet; when he senses energy 
deficit, he eats for taste, the sensory qualities of the diet. The 
following predictions were made on the basis of this hypothesis:
1) normal rats would maintain their intake of a powdered diet at a 
fairly stable level, would not respond to addition of quinine sulfate, 
would slightly decrease or not change intake of a 50% dextrose diet;
2) normal animals on a 23-hour food deprivation schedule would de­
crease their intake when quinine was added to the diet and increase it 
when dextrose was added;
3) VMH animals on an ad lib schedule would decrease intake of 
quinine adulterated stock and increase intake of dextrose diet while 
overeating on stock;
4) VMH animals on 23-hour food deprivation would increase their 
intake of stock diet and respond to diets adulterated with quinine or 
dextrose in the same direction and to at least the same degree as ad 
lib VMH subjects;
5) amygdaloid lesioned animals feeding ad lib would not alter their 
intake of the quinine diet, would slightly decrease or not change their 
intake of dextrose, but would continue to overconsume the stock diet; 
that is, they would behave as the normal ad lib group;
6) amygdaloid animals on 23-hour food deprivation would respond like 
the amygdaloid ad lib group;
7) combined VMH-amygdaloid animals on an aA lib schedule would
21
respond as the aH lib VMH group;
8) combined VMH-amygdaloid animals on a deprivation schedule would 
behave as the deprived VMH group.
Since the majority of evidence suggested no metabolic disturbances 
as a primary consequence of VMH damage, and in light of the available 
literature following amygdaloid lesions, it was also predicted that 
there would be no significant differences in rectal body temperature 
among the lesioned or sham control groups.
METHOD
Sub j ects
Initially ninety-eight experimentally naive rats (Dublin/Sprague- 
Dawley derived), approximately 80 days old, served as subjects in this 
experiment. Only females were used because Valenstein (19 69) has re­
ported that the degree and frequency of the VMH syndrome is greater in 
female than in male rats.
Procedure
All subjects were housed individually in 24 hour light with water 
available _ad lib in the home cage throughout the experiment. Fluid 
intake was recorded daily to the nearest ml from graduated cylinders 
inverted and mounted on the front of the cage.
Purina Laboratory Meal, the stock diet, was available in metal food 
cups (Wahmann Food Device, LC-306-B) which were weighed to the nearest 
tenth of a gram before and after daily feeding. Dextrose anhydrous A.
R. (ACS) granular (Mallinckrodt #4912) was mixed 50% by weight with 
stock meal for the positively valued test diet. The negatively valued 
test diet was 0.125% by weight quinine sulfate N. F. (Powd.) (Mallinc­
krodt #1891) with stock meal. When dextrose and quinine were added to 
the diet, stock meal was thoroughly mixed (weight/weight) with the adul­
terant and blended to a fine powder in a Waring Blender. To control for 
the texture change of adulterated diets, all stock meal was ground to 
powder in the blender before being used. Food intake was recorded daily, 
as was body weight.
After recovery from shipping (ad lib water and Purina Laboratory
22
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Pellets), pellets were removed and daily measurements begun. One day 
was given for adaptation to the food cups; adaptation to feeding
schedules was initiated on day 2 and proceeded for 15 days (to day 16).
Subjects were randomly assigned to feeding schedules. A pilot study 
had shown deprivation to adversely affect recovery from surgery, so 
approximately twice as many subjects (n = 66) were assigned to the
23-hour food deprivation schedule as to the ad lib (n = 32) schedule.
From day 16 to day 29 the diet presented was either ground stock 
(rest) or one of the adulterated diets (test). In order to counter­
balance for the possible effects of sequence of presentation of test 
diets, half of the subjects on each schedule were randomly assigned 
to a dextrose-first or quinine-first group. The test sequence for the 
dextrose-first group was: dextrose - rest - stock - rest - quinine.
For the quinine-first subjects the sequence was: quinine - rest -
stock - rest - dextrose. Intake of stock on the stock-test day was 
used as a measure of baseline intake; intake of adulterated diets was 
always compared with intake on the stock-test day of the given test 
period. The diets were presented in the same sequence, depending on 
order, during all four test periods.
Two test periods were given prior to surgery (Test 1, days 17-21;
Test 2, days 25-29). There was a three-day rest (days 22-24) between 
Tests 1 and 2. All subjects were given ad lib access to Purina pellets 
instead of ground meal for the three days immediately preceding surgery 
(days 30-32).
Surgery was performed on day 33 and was followed by a five-day 
recovery period (days 34-38). During recovery subjects were fed pel­
lets or wet mash. Subjects who survived surgery and had recovered within 
the five-day period were readapted to the same feeding schedule on which
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they had been prior to surgery. One week (days 39-45) was given for 
readaptation.
Two test periods were given post-operatively (days 46-50, Test 3; 
days 54-59, Test 4), again with a three-day rest (days 51-53) between 
test sequences. Prior to sacrifice (on day 59) all subjects were 
lightly anesthetized with ether and their rectal temperatures recorded 
to the nearest tenth of a degree Centigrade.
Surgery
Subjects were randomly assigned to one of three lesion groups or 
the control group. Since pilot data indicated that death rates were 
higher among VMH lesioned subjects than among other groups, more sub­
jects were assigned to that lesion condition. Of the 32 subjects on 
the ad lib schedule, 9 were assigned to the VMH group, 8 each to the 
combined VMH-amygdaloid and amygdaloid only groups, and 7 to the. sham- 
operate control group. The 66 subjects on 23-hour food deprivation were 
assigned as follows: 17 to VMH only; 17 to combined VMH-amygdaloid;
16 to amygdaloid only; and 16 to sham-operate control.
Target coordinates for the VMH were 5.2 AP, -9.5 DV (from the cor­
tex), and -0.6 Lat. Amygdaloid coordinates aimed for the nuclei at 
4.8 AP, -9.6 DV (from the cortex), and -4.0 Lat. The combined VMH- 
amygdaloid lesions were made with the coordinates given for separate 
lesions. All lesions were bilateral. (Stereotaxic coordinates are 
based on the modified deGroot system of Pellegrino and Cushman, 1967).
Surgery was performed under ether anesthesia with a preanesthetic 
dose of atropine sulfate (0.5 cc of a 2.4 mg/cc solution). Using a 
stereotaxic instrument (Kopf) to position the head, bilateral electro­
lytic lesions were made with stainless steel electrodes 0.25 mm in 
diameter insulated (Epoxylite) except for the tip. Anodal current of
25
2 mA with a rectal cathode was delivered for 10 seconds. Sham oper­
ates underwent all surgical procedures but the electrode was not low­
ered into the brain.
Histology
At the conclusion of the experiment all subjects were sacrificed 
with an overdose of ether. After perfusion with physiological saline 
and 10% formal saline, brains were removed and set in 10% formal 
saline. Alternate sections through the lesions, sliced at 50p by a 
frozen-tissue technique, were mounted and stained with cresyl violet- 
acetate (Allied Chemical). Location and extent of all lesions were 
verified by reference to the modified deGroot system of Pellegrino and 
Cushman (1967).
RESULTS AND DISCUSSION
His tology
Of the 32 subjects on the ad_ lib schedule who underwent surgery,
31 survived to the end of the experiment. One subject in the VMH group 
died from surgery leaving 8 subjects in each of the three lesion groups 
and 7 sham controls. Five deprived subjects did not recover from sur­
gery: 2 VMH, 2 combined, and 1 sham. Sixteen amygdaloid operated, 15
in each of the other two lesion groups, and 15 shams completed the ex­
periment on 23-hour food deprivation.
The results of histological verification of lesion location and 
extent are presented in Tables 1, 2, 3 and 4. Table 5 defines the 
structures destroyed by lesions included in the preceding tables. Two 
VMH, one amygdaloid, and one combined lesioned animal from the ad_ lib 
group were eliminated because of misplaced lesions, being either uni­
lateral, too anterior, or too posterior to the target structure. Eli­
minated from the deprived group for similar reasons were 4 amygdaloid,
7 VMH, and 5 combined lesioned subjects. The data in Tables 1 to 4 
are the extent of bilateral damage from the most anterior to most pos­
terior point for subjects by lesion group and feeding schedule. AP MED 
gives the AP plane of maximum bilateral damage of the target structure. 
Following this are the structures destroyed at any point, either bila­
terally (B) or unilaterally (U), for a given subject.
Most of the lesions in the VMH (Table 1) showed maximum destruction 
in the target AP plane of 5.2, or just anterior (5.4) or posterior (5.0) 
to it. In addition to bilateral destruction of the ventromedial nuclei,
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TABLE 5
ABBREVIATIONS OF STRUCTURES LISTED IN LESION SUMMARIES
ABL Nucleus amygdaloideus LHA Area lateralis hypothalami
basalis, pars lateralis
MFB Fasciculus medialis
ABM Nucleus amygdaloideus telencephali
basalis, pars medialis
ML Nucleus mamillaris lateralis
ACE Nucleus amygdaloideus
centralis MM Nucleus mamillaris medialis
ACO Nucleus amygdaloideus MP Nucleus mamillaris posterior
corticalis
MT Tractus mamillothalamicus
AL Nucleus lateralis amyg­ (Vicq d'Azyr)
daloideus
OT Tractus opticus
AM Nucleus anteromedialis
thalami PC Pedunculus cerebri
AME Nucleus amygdaloideus PH Nucleus posterior hypothalami
medialis
PIR Cortex piriformis
ARE Nucleus arcuatus hypo­
thalami PMD Nucleus praemamillaris dorsali
CE Capsula externa PMV Nucleus praemamillaris
ventralis
CL Nucleus of Luys;
Nucleus subthalamicus RE Nucleus reuniens thalami
CLA Claus trrnn RT Nucleus reticularis thalami
CPU Nucleus caudatus; Putamen S Subiculum
DMH Nucleus dorsomedialis ST Stria terminalis
FD Gyrus dentatus; SUM Area supramamillaris
Fascia dentata
TT Tractus mamillotegmentalis
FI Fimbria hippocampi
VMH Nucleus ventromedialis
FX Fornix hypothalami
HPC Cornu Ammonis ZI Zona incerta
ICL Nucleus amygdaloideus ZT Zona transitionalis
intercalatus
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all subjects in the VMH group sustained some bilateral (except subject 
134 with unilateral) damage in the arcuate nuclei. All but three sub­
jects also had at least partial destruction in the ventral premamillary 
(PMV) nuclei. The dorsal premamillary (PMD) and dorsomedial hypotha­
lamic nuclei (DMH) were damaged in numerous samples. A typical VMH 
lesion is presented in Figure 1.
Twelve of the 19 subjects in the amygdaloid only lesion group had 
maximum damage in the target AP plane of 4.8, as can be seen in Table 2. 
Other sites were maximally destroyed posterior to this, from 4.6 to 4.2.
In all 17 cases at least four of the amygdaloid nuclei received partial 
unilateral or bilateral damage; in ten subjects five nuclei were damaged.
The medial (AME), basomedial (ABM), and basolateral (ABL) nuclei were 
partially destroyed in all 17 subjects; the cortical nuclei (ACO) in 16, 
the transition zone (ZT) in 15 cases. Figure 2 presents a typical amyg­
daloid lesion.
Lesion damage was analyzed by target site for the combined lesion 
group. The hypothalamic destruction for the combined group (Table 3) 
indicates maximum VMH damage in the target AP plane of 5.2 for nine of 
17 subjects. Maximum damage in the majority of the remaining subjects 
was anterior to 5.2, being 6.2 to 5.4. The arcuate hypothalamic nuclei 
(ARH) were, bilaterally damaged to some extent in all subjects. The PMV 
was damaged in 15 subjects while a majority sustained some damage in the 
PMD and DMH nuclei. Typical VMH damage in combined lesions is presented 
in Figure 3. From Table 4 it is evident that nine subjects sustained 
maximum amygdaloid damage at AP 4.6, just posterior to the target plane 
of 4.8. In the remaining cases maximum destruction ranged from 4.8 to 
4.0. At least two of the many amygdaloid nuclei were severely damaged 
in all but two subjects (subject 109 and subject 175). Subjects 109 and
FIGURE 1
BILATERAL VMH LESIONS THROUGH PLANE OF 
MAXIMUM EXTENT OF RAT #113 
[Circle in upper left marks the right hemisphere.]

FIGURE 2
BILATERAL AMYGDALOID COMPLEX LESIONS THROUGH 
PLANE OF MAXIMUM EXTENT OF RAT #195 
[Circle in upper left marks the right hemisphere.]

FIGURE 3
BILATERAL VMH LESIONS THROUGH THE PLANE 
OF MAXIMUM EXTENT OF RAT #144 
[Circle on left marks the right hemisphere.
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177 had unilateral damage in the ABL while all others sustained bilateral 
damage. Fifteen subjects had at least some unilateral damage in the ba- 
somedial nuclei (ABM); 14 had at least partial unilateral destruction in 
the AME; 15 sustained at least partial unilateral damage in the ACO. In 
14 cases the damage extended into the transition zone of the amygdala. 
Destruction also impinged on the claustrum (CLA), hippocampus (HPC), and 
piriform cortex (PIR). Figure 4 presents typical amygdaloid damage for 
combined lesioned animals.
The analyses were based on data from a total of 71 animals whose le­
sions were correctly placed in target structures. The final numbers re­
maining in each lesion and feeding condition were: VMH ad lib, 6; VMH de­
prived, 8; combined VMH-amygdaloid ad lib, 7; combined deprived, 10; sham 
ad lib, 7; sham deprived, 14; amygdaloid ad lib, 7; amygdaloid deprived,
12. All data were treated in a five factor analysis of variance using un­
weighted means because of the unequal number in each condition. There were 
two lesion factors: VMH - no VMH and no amygdaloid - amygdaloid; a feeding
schedule factor: ad lib - 23-hour food deprivation. The remaining two
factors were repeated measures on test periods (tests 1 and 2 pre-opera- 
tively; tests 3 and 4 post-operatively), and diets— dextrose, stock, qui­
nine— during each test period. For all analyses factors were accepted as 
significant only if results were beyond the .01 level of confidence.
Body Weight
Two lesion factors were employed to determine if the effects of 
combined VMH-amygdaloid lesions were multiplicative. As indicated in 
the summary table of the analysis of varidhce on pre-operative body 
weight (Table 6), initially there was a significant interaction of the 
potential VMH and amygdaloid lesion factors, as well as a significant 
main effect for the no amygdaloid - amygdaloid condition. In order to
FIGURE 4
BILATERAL AMYGDALOID COMPLEX LESIONS THROUGH 
THE PLANE OF MAXIMUM EXTENT OF RAT #144 
[Circle on left marks the right hemisphere.]

TABLE 6
UNWEIGHTED MEANS ANALYSIS OF VARIANCE 
SUMMARY TABLE FOR PRE-OPERATIVE BODY WEIGHT
Source df MS F
Between Subjects 70
VMH Lesion (A) 1 738.263 0.575
Amygdaloid Lesion (C) 1 9328.313 7.265 p < .01
Feeding Schedule (E) 1 78149.401 60.863 p < .0005
A X C 1 11946.856 9.304 p < .005
A X E 1 6.064 0.005
C X E 1 102.139 0.080
A X C X E 1 1537.057 1.197
Subjects within Groups 63 1284.020
Within Subjects 355
Test Period (B) 1 1944.095 61.513 p < .0005
A X B 1 34.071 1.078
B X C 1 1.624 0.051
B X E 1 86.896 2.750
A X B X C 1 18.637 0.590
B X C X E 1 166.947 5.282
A X B X E 1 0.002 0.000
A X B X C X E 1 0.390 0.012
B X Subjects within Groups 63 31.604
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Table 6, Continued
Source df MS F
Diets (D) 2 521.636 26.454 p < .0001
A X D 2 4.146 0.210
C X D 2 2.121 0.108
D X E 2 217.362 11.023 p < .005
A X C X D 2 7.359 0.373
A X D X E 2 13.103 0.664
C X D X E 2 13.435 0.681
A X C X D X E 2 11.021 0.559
D X Subjects within Groups 126 19.719
B X D 2 79.023 6.499 p < .005
A X B X D 2 3.597 0.296
B X C X D 2 0.636 0.052
B X D X E 2 25.845 2.126
A X B X C X D 2 3.508 0.289
A X B X D X E 2 3.174 0.261
B X C X D X E 2 17.953 1.477
A X B X C X D X E 2 9.340 0.768
B X D X Subjects within Groups 126 12.159
To tal 425
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control for this difference in body weight among groups before surgi­
cal manipulation, all food and water intakes were analyzed as a func­
tion of body weight. Feeding schedules resulted in significantly 
lower body weights for subjects on 23-hour food deprivation, as shown 
in Figure 5. However, the significant diet by schedule interaction 
indicated that body weights did not change consistently among groups 
with changes in diet. Body weights significantly increased from test 
period 1 to test period 2 for all groups, but again the changes varied 
with shifts in diet. Since the relative positions of all groups are 
the same during the second test period as during the first (see Figure 5), 
the increase in body weight reflects animal growth.
The initially significant differences in body weight among groups 
prior to surgery suggested that any differences among groups after sur­
gery might be more a function of previous differences than of experi­
mental manipulation. Also, all groups were heavier during the second 
pre-operative test period than the first. Therefore, to control for 
initial differences and growth, post-operative body weight was analyzed 
as increases in post-operative test period weights over those of the 
second pre-operative test.
Figure 6 presents these body weight changes during test periods 
3 and 4. The analysis of variance of body weight differences between 
test perior 2 and periods 3 and 4 (Table 7) indicates that groups with 
VMH lesions were significantly heavier than groups without VMH lesions, 
but there was no difference between amygdaloid and non-amygdaloid lesioned 
groups. This was true for both test periods 3 and 4 (VMH lesion by test 
period interaction significant), because of the continued weight gain of 
the groups with VMH lesions on test 4. The ad lib combined lesioned 
group gained more than the ad lib VMH only group; while these groups
FIGURE 5
PRE-OPERATIVE BODY WEIGHTS AS A FUNCTION OF 
DIETS AND TEST PERIODS FOR POTENTIAL LESION GROUPS 
BY FEEDING SCHEDULES
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FIGURE 6
POST-OPERATIVE INCREASE IN BODY WEIGHTS OVER 
THAT OF SECOND PRE-OPERATIVE TEST AS A FUNCTION OF 
DIETS AND TEST PERIODS FOR LESION GROUPS BY FEEDING SCHEDULES
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TABLE 7
UNWEIGHTED MEANS ANALYSIS OF VARIANCE 
SUMMARY TABLE FOR BODY WEIGHT—
DIFFERENCES BETWEEN SECOND PRE- AND TWO POST-OPERATIVE TESTS
Source df MS F
Between Subjects 70
VMH Lesion (A) 1 137434.147 100.896 P < .0005
Amygdaloid Lesion (C) 1 6861.233 5.037
Feeding Schedule (E) 1 42383.712 31.116 P < .0005
A X C 1 558.870 0.410
A X E 1 51756.421 37.996 P .0005
C X E 1 7367.645 5.409
A X C X E 1 5052.195 3.709
Subjects within Groups 63 1362.138
Within Subjects 355
Test Period (B) 1 2289.984 40.927 P < .0005
A X B 1 1050.311 18.771 P < .0005
B X C 1 28.699 0.513
B X E 1 1588.540 28.391 P < .0005
A X B X C 1 396.664 7.089 P < .01
B X C X E 1 61.062 1.091
A X B X E 1 664.077 11.868 P < .005
A X B X G X E 1 343.522 6.140
B X Subjects within Groups 63 55.953
A3
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Table 7 ,  Continued
Source df MS F
Diets (D) 2 74.440 1.154
A X D 2 67.632 1.049
C X D 2 35.039 0.543
D X E 2 81.306 1.261
A X C X D 2 49.145 0.762
A X D X E 2 22.138 0.343
C X D X E 2 104.852 1.626
A X C X D X E 2 104.332 1.618
D X Subjects within Groups 126 64.483
B X D 2 20.282 0.932
A X B X D 2 13.041 0.599
B X C X D 2 37.091 1.704
B X D X E 2 3.203 0.147
A X B X C X D 2 25.036 1.150
A X B X D X E 2 31.716 1.457
B X C X D X E 2 14.830 0.681
A X B X C X D X E 2 33.575 1.542
B X D X Subjects within Groups 
Total
126
425
21.769
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were not significantly different on test period 3, they were on test 4 
(significant VMH lesion by test period by amygdaloid lesion interaction) 
where the combined ad lib group gained even more than the VMH group.
The significant VMH lesion by feeding schedule interaction resulted 
from the fact that, while the combined ad lib group gained more than 
the VMH ad lib subjects, the VMH only deprived group was heavier than 
the combined lesion deprived animals. This inversion of groups' body 
weight on different schedules persisted over post-operative test periods 
despite the increased weight gain of the jad lib groups with VMH lesions 
on test 4 (significant VMH lesion by test period by feeding schedule 
interaction).
Regardless of feeding schedule, groups without VMH lesions, that is, 
the amygdaloid lesion only and sham subjects, gained less weight on 
tests 3 and 4 than did the VMH and combined lesioned groups. However, 
while not significant, the amygdaloid lesioned group was slightly heavier 
than the shams. The significant VMH lesion by feeding schedule inter­
action also indicates that the deprived groups with VMH lesions gained 
more than both the acl lib and deprived shams and amygdaloid only subjects.
As was true on the pre-operative tests, all groups were heavier on 
the second post-operative test (period 4) than on the first (period 3). 
However, the significant interactions of VMH lesions with test periods, 
test periods with feeding schedules, VMH lesions with test periods and 
amygdaloid lesions, and VMH lesions with test periods and feeding sche­
dules, all indicate that the increase in weight gain on test 4 was only 
partially due to animal growth. In addition, the surgically produced 
lesions significantly, at least for groups with VMH damage, contributed 
to gains in body weight. None of the diets used affected weight gain 
pos t-operatively.
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Rate of weight gain following surgery was not determined, nor was 
the present study extended until post-operative weight gain had sta­
bilized. However, the results presented above indicated that the groups 
with VMH lesions gained more weight, but to a different degree, than 
other groups, regardless of feeding schedule. This adds behavioral 
support to the histological data which indicated that the VMH lesions 
had in fact destroyed areas considered critical to weight control.
Brooks and Lambert (1946) found that, while maximum obesity occurred 
with bilateral destruction of the VMH, increased weight followed destruc­
tion of the DMH, PMD, PMV, including part of the VMH. Graff and Stellar 
(1962) reported weight gain when ventromedial hypothalamic lesions spared 
the ventromedial nuclei but damaged the arcuate, premamillary and mamil­
lary nuclei, while Anand and Brobeck (1951) found that sparing the medial 
portion of the lateral at the level of the VMH on even one side caused 
some obesity.
Animals receiving only amygdaloid lesions did not gain significantly 
more weight than shams following surgery. These findings differ from 
those reviewed by Anand (1961) which reported weight increases when le­
sions involved the basal and lateral nuclei, or the central and medial 
nuclei, or the whole amygdaloid complex and piriform cortex. Neither do 
they support Morgane and Kosman’s (1957) finding that, following extir­
pation of the amygdala and piriform cortex, the experimental group feed­
ing ad lib gained more weight than controls. However, the present results 
are consistent with those of Rosen (1968a, b) who found no significant 
difference between medial amygdaloid lesioned subjects and sham controls 
during post-operative tests.
The weight gain of the combined lesioned group in the present study, 
at least those subjects feeding ad lib, parallels results reported by
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Morgane and Kosman (1960) that cats with both VMH and amygdaloid lesions 
gained weight faster than groups with only one type of lesion. In the 
present study, however, it seems that the VMH lesions may be those pri­
marily responsible for increases because the combined lesion group on 
deprivation did not gain as much as the VMH deprived group. Further, 
the failure to obtain significant interactions between the VMH lesion by 
amygdaloid lesion factors, except as a function of time, suggests that 
effects of combined lesions are additive rather than multiplicative, and 
that measurable effects of these lesions are not apparent immediately 
after surgery.
Food Intake
Because of the differences in pre-operative body weight among groups, 
food ingested was analyzed as a function of body weight (grams/grams) as 
summarized in Table 8 for the pre-operative test periods 1 and 2. Since 
there were no significant differences between VMH lesion and amygdaloid 
lesion factors, results are presented by feeding schedules only in Fig­
ure 7. Animals adapted to a 23-hour food deprivation schedule ate sig­
nificantly less per unit body weight than those eating ad lib. Experi­
ence with the diets also made a difference as test period 2 was signifi­
cantly different from test period 1. Overall, the ad lib subjects ate 
less during test 2 than they had previously, while deprived subjects ate 
more than during test 1. Regardless of feeding schedule, more dextrose 
was consumed than stock while less quinine was consumed than either of 
the other diets on both tests. On test 1 the ad lib group ate more qui­
nine than the deprived subjects; on test 2 they ate significantly less 
quinine than previously, decreasing their intake below that of the de­
prived group. Their intakes of dextrose and stock were also lower on 
test 2. The deprived group, however, increased the amount of dextrose
TABLE 8
UNWEIGHTED MEANS ANALYSIS OF VARIANCE 
SUMMARY TABLE FOR PRE-OPERATIVE FOOD INTAKE/BODY WEIGHT
Source df MS F
Between Subjects 70
VMH Lesion (A) 1 0.00001 0.068
Amygdaloid Lesion (C) 1 0.00014 0.829
Feeding Schedule (E) 1 0.00989 60.432 p < .0005
A X C 1 0.00008 0.489
A X E 1 0.00001 0.086
C X E 1 0.00027 1.628
A X C X E 1 0.00015 0.902
Subjects within Groups 63 0.00016
Within Subjects 355
Test Period (B) 1 0.00074 10.885 p < .005
A X B 1 0.00027 4.036
B X C 1 0.00022 3.293
B X E 1 0.00079 11.621 p < .005
A X B X C 1 0.00007 0.9 79
B X C X E 1 0.00007 1.001
A X B X E 1 0.00002 0.357
A X B X C X E 1 0.00027 3.994
B X Subjects within Groups 63 0.00007
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Table 8, Continued
Source df MS F
Diets (D) 2 0.01096 128.745 p < .0005
A X D 2 0.00011 1.344
C X D 2 0.00017 2.011
D X E 2 0.00207 24.323 p < .0005
A X C X D 2 0.00004 0.417
A X D X E 2 0.00021 2.420
C X D X E 2 0.00009 1.067
A X C X D X E 2 0.00000 0.032
D X Subjects within Groups 126 0.00009
B X D 2 0.00038 7.200 p < .005
A X B X D 2 0.00007 1.279
B X C X D 2 0.00003 0.610
B X D X E 2 0.00009 1.648
A X B X C X D 2 0.00006 1.081
A X B X D X E 2 0.00000 0.077
B X C X D X E 2 0.00010 1.837
A X B X C X D X E 2 0.00009 1.629
B X D X Subjects within Groups 126 0.00005
Total 425
FIGURE 7
PRE-OPERATIVE FOOD INTAKE/BODY WEIGHT RATIOS AS A FUNCTION OF 
DIETS AND TEST PERIODS BY FEEDING SCHEDULES
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eaten on test 2, consumed the same quantity of stock, but decreased 
intake of quinine. Their quinine intake was slightly higher than that 
for _ad lib animals on test 2.
The prediction that deprived normal subjects would decrease their 
intake when quinine was added to the diet and increase intake with dex­
trose adulteration was confirmed. Deprived animals seem to regulate 
their intake on the basis of the taste properties of the diet, thus sup­
porting Jacobs’ contention that energy deficit potentiates qualitative 
aspects of ingesta. The present results also suggest that taste becomes 
more important as a function of experience: while increasing intake of
a positive substance (dextrose) and decreasing intake of a negative one 
(quinine) from a stable level (stock) on initial exposure to adulterated 
diets, the degree of this preference increases with repeated exposure.
Bauer (1969) adapted rats to ad lib, 23.5-hour, and 47-hour water depri­
vation then presented one-bottle tests of sodium saccharin. On first 
exposure to the positive saccharin solution, ad lib animals greatly in­
creased intake, 23.5-hour deprived subjects decreased intake, while 47- 
hour deprived did not change intake. The initial depression for the 
23.5-hour deprived group did not persist with continued exposure: in­
take returned to about normal level with experience with the saccharin. 
Jacobs 1 model would not have predicted this decrease as chronic depri­
vation should have potentiated response to positive taste with increased 
intake. Jacobs and Sharma (1969) report a six-day test of high fat ad­
ditives plus dry-high salt diets alternating with dry-high salt diets 
only for 22-hour food deprived rats. Their deprived rats increased 
intake of the high salt diet on days when fat was added. However, they 
do not discuss the fact that on the second test with high fat additive, 
intake increased slightly over the first test nor that on the third
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presentation, intake decreased to slightly below that of the first 
test. Thus, their own data show changes in degree of response to diets 
by chronically deprived rats with repeated presentation. Experience 
with a given diet does affect the amount and degree of response to 
taste in deprived animals, possibly on the basis of daily fluctuations 
of energy stores around a given set point which is determined by the 
maintenance schedule.
As indicated in Figure 7, the ad lib groups in the present study 
apparently ingested food on the basis of taste: significantly more
dextrose than stock was consumed; significantly less quinine than stock 
was consumed. The obtained results indicate that on first exposure to 
a positive diet, animals feeding ad lib increase their intake over stock 
baseline more than deprived subjects. Although in the present study 
both deprived and ad lib animals increased intake to positive additives, 
the more, striking increase of the ad lib group parallels that of Bauer 
(1969) to saccharin. The second time the destrose diet was presented, 
ad lib animals responded to a lesser degree than deprived animals sug­
gesting that experience with positively valued diets differentially 
changes as a function of feeding schedule. This is supported by the 
data for quinine adulteration.
Animals on both schedules decreased intake to quinine initially, 
again with ad lib animals responding to a greater extent than the de­
prived group. Further experience with negative taste magnified the 
rejection of the ad lib animals to below that of chronically deprived 
subjects. Jacobs (1969) points out during discussion of his theory 
(Jacobs and Sharma, 1969), that satiated animals, while regulating on 
the basis of calories, are responsive to taste for at least three rea­
sons. "First, to help discriminate edible from nonedible objects;
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second, . . . palatability can be innately determined; third, . . .
flavor can act as a guide to caloric content through the mechanism of 
conditioning (p. 11.20)." In the present study both the first and se­
cond reasons could account for the response of the ad lib groups to 
dextrose and quinine. An alternative explanation, however, would seem 
to handle the data more adequately.
Although there were two days each on which dextrose and quinine 
were available in unlimited amounts during test periods prior to sur­
gery, all critical days were spaced by three days on which stock was 
available. If more than one day had been used, the data would have 
been confounded by changes in energy stores induced as a consequence 
of the amount of food ingested the previous day. The present approach 
(single test periods) seemed to be a more reasonable way to test Jacobs1 
theory because the animal’s self-imposed changes in energy stores would 
not confound subsequent measures. One of the major weaknesses of Ja­
cobs’ theory is the method by which he attempts to gather experimental 
support for it. He proposes that animals in energy deficit use quali­
tative aspects of the diet as the cue to ingestion; most of his data 
(reviewed in Jacobs and Sharma, 1969) show that this is true— over a 
period of time. Most of his data are obtained from studies using re­
sults averaged over the entire test period, thereby wiping out any dif­
ferences in initial response to various diets. In addition, although 
he states that his hypothesis covers "dry, complete diets as well as 
solutions, and general as well as specific, hungers (Jacobs and Sharma,
1969, p. 1089)," his research usually employs liquid diets restricted 
to high fat, cellulose, glucose, quinine, or corn sugar additives. He 
very seldom presents data from similar tests on control subjects feeding 
ad lib. At best he gives data from deprived normals whose intake is
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quite similar to that of static obese VMH animals.
Furthermore, Jacobs’ research does not seem to be looking at 
response to taste or caloric cues as a function of the existing state 
of an animal’s energy balance. He states: "The initial conditions
[controlling intake] assume an animal already eating food. We shall 
not be concerned with the particular causes initiating a meal (Jacobs 
and Sharma, 1969, p. 1084)." The methodology used in the present ex­
periment did not assume the animal was eating. Rather it looked at why 
the animal started eating and what cues he used to continue ingestion 
of various diets. The question asked was not to what extent do ad lib 
and deprived animals regulate on the basis of taste, but rather to what 
degree are subjects normally in a state of energy balance (ad lib) or 
deficit (chronically deprived) likely to respond to the taste proper­
ties of various diets presented discontinuously and for a limited time 
(one day) in the context of a well-established feeding pattern. The 
purpose for this non-continuous testing was to test the animal’s per­
ceived state of energy stores _at the time the diet was presented. That 
is, do animals maintained on different feeding schedules, which presum­
ably bias the state of energy stores a. priori, use the same cues for in­
gestion? Jacobs’ model says no: ad lib animals use caloric value; de­
prived animals use taste cues. However, the fact that animals eat at 
all questions his whole position. No matter how much food is available, 
an animal who is satiated will not eat. When he is hungry (in a need 
state or deficit), he eats. When a neutrally flavored but nutritionally 
balanced diet (stock) is available, he eats as much as he is able to eat. 
Placing an animal on a deprivation schedule involuntarily forces him to 
eat less than he would given unlimited food and time to ingest it. How 
much he eats during the time he has available depends on two things:
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the degree of his need and what the food tastes like. Over and above 
any involuntary manipulation of energy balance, an animal may volun­
tarily alter his state of energy stores. An ad lib animal perceiving 
deficit energy stores starts to eat. He tastes the presence of quinine 
in his food and rejects it, voluntarily placing himself in a greater 
state of energy deficit, therefore becoming even more sensitive to the 
quality of the food up to a point. Eventually he reaches a state of 
energy deficit so great that he becomes less sensitive or heedless of 
the quality and eats it anyway. This line of reasoning may be extended 
to other adulterants. Similar mechanisms are present in chronically 
deprived animals. A 23-hour food deprived animal has only one hour in 
which to eat, so presumably he is hungry when food is presented. When 
given dextrose he perceives the sweet taste and eats more of this diet 
than of stock during his hour; he voluntarily decreases the deficit 
energy stores by ingesting greater amounts of positive diets. Again, 
he may voluntarily change the state of his energy stores in response 
to other diets. Because of the voluntary control an animal has over 
the state of his energy stores, he is capable of adapting them over 
time to maintain a given set point; that is, he can regulate.
The role of voluntary and involuntary deprivation in response to 
quinine adulterated food has been investigated by Bauer (1970). Rats 
were allowed to feed ad lib or involuntarily placed on 23-hour food 
deprivation. After adaptation to these schedules, half of the animals 
in each group were given a quinine adulterated stock diet for seven 
days. Both the ad lib and deprived animals presented with this diet 
voluntarily decreased their intake on the first day below that of the 
stock-fed controls. The rejection was stronger on the first day for 
the ad_ lib group whose intake was lower than that of the deprived quinine
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group. By the fourth day ad lib intake of quinine was only slightly 
lower than the stock ad lib group. As was true in the present study, 
quinine rejection for deprived groups was most marked on the second 
exposure. In Bauer’s study the deprived animals in the quinine group 
were eating as much as the deprived stock group by the third day. These 
data support the view that the greater the energy deficit an animal per­
ceives, whether it be voluntarily or involuntarily altered, the more 
responsive he will be to taste wdien presented with adulterated diets. 
However, when he must regulate for a fairly long period of time on an 
adulterated diet, he alters his use of taste cues in order to reesta­
blish a constant level of ingestion.
Thus, Jacobs’ energy-balance theory as he has experimentally in­
vestigated it, is not sufficient to handle initiation of feeding. The 
extension offered above does seem to account for the data to date. An 
animal in a state of balance (or surfeit or satiety) does not eat. He 
begins to eat when he detects energy deficit. At that moment his in­
take is governed by the taste properties of food; on the basis of the 
qualitative aspects of the diet, he voluntarily decreases or increases 
the state of his energy stores. If further long-term regulation on the 
diet is required, he adapts his use of taste in such a way that he brings 
his intake to a fairly stable point which seems to be maintained on the 
basis of the calories abailable in the diet.
Amygdaloid lesions had no effect on food intake, as a function of 
body weight. The analysis of variance for post-operative food/body 
weight ratios summarized in Table 9 revealed significant effects of VMH 
lesions. Since the main effect of feeding schedules was also signifi­
cant, diets are presented in Figure 8 by VMH - no VMH lesion conditions 
on each feeding schedule for the post-operative tests on the three diets.
TABLE 9
UNWEIGHTED MEANS ANALYSIS OE VARIANCE 
SUMMARY TABLE FOR POST-OPERATIVE FOOD INTAKE/BODY WEIGHT
Source df MS F
Between Subjects 70
VMH Lesion (A) 1 0.00364 16.015 P < .0005
Amygdaloid Lesion (C) 1 0.00001 0 .046
Feeding Schedule (E) 1 0.01948 85.789 P < .0005
A X C 1 0.00060 2.625
A X E 1 0.00304 13.394 P < .001
C X E 1 0.00005 0.235
A X C X E 1 0.00051 2.229
Subjects within Groups 63 0.00023
Within Subjects 355
Test Period (B) 1 0.00195 37.284 P < .0005
A X B 1 0.00053 10.155 P < .005
B X C 1 0.00001 0.124
B X E I 0.00125 23.904 P < .0005
A X B X C 1 0.00004 0.743
B X C X E 1 0.00001 0.178
A X B X E 1 0.00039 7.505 P < .01
A X B X C X E 1 0.00001 0.136
B X Subjects within Groups 63 0.00005
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Table 9, Continued
Source df MS F
Diets (D) 2 0.01516 116.350 p < .0005
A X D 2 0.00017 1.342
C X D 2 0.00014 1.049
D X E 2 0.00455 34.896 p < .0005
A X C X D 2 0.00017 1.302
A X D X E 2 0.00078 6.002 p < .005
C X D X E 2 0.00001 0.077
A X C X D X E 2 0.00002 0.118
D X Subjects within Groups 126 0.00013
B X D 2 0.00004 0.532
A X B X D 2 0.00000 0.050
B X C X D 2 0.00008 1.084
B X D X E 2 0.00005 0.626
A X B X C X D 2 0.00005 0.699
A X B X D X E 2 0.00001 0.156
B X C X D X E 2 0.00002 0.307
A X B X C X D X E 2 0.00019 2.538
B X D X Subjects within Groups 126 0.00008
Total 425
FIGURE 8
POST-OPERATIVE FOOD INTAKE/BODY WEIGHT RATIOS AS A FUNCTION OF 
DIETS AND TEST PERIODS FOR VMH - NO VMH LESIONED GROUPS
BY FEEDING SCHEDULES
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The significant VMH lesion factor in the absence of a significant 
amygdaloid effect indicates that the VMH only and combined lesion groups 
behaved in a similar manner but differently from groups without VMH 
lesions. The amygdaloid only and sham operates did not differ from each 
other. Despite the fact that ad lib animals generally had a higher 
food/body weight ratio, the significant VMH lesion by feeding schedule 
interaction indicates that the effect of VMH lesions was not identical 
under both feeding schedules. As can be seen in Figure 8, although the 
VMH and combined lesion groups (VMH) ingested significantly more than 
the sham and amygdaloid groups (no VMH) feeding ad lib, at least on 
test 3, the deprived subjects with VMH lesions had intakes similar to 
those of animals without VMH lesions.
Although test 4 was significantly different from test 3, these dif­
ferences result from the interaction of VMH lesions with test periods and 
feeding schedules. On test 4 all groups were eating less per unit bod}?- 
weight than on the first test period following surgery. The change was 
most marked for ad lib groups, being greater for subjects with VMH lesions 
than those without. The relationships for both deprived groups remained 
the same, but at a lower level, on test 4.
Intakes on the three diets were significantly different. Again,
however, differences were due to concurrent effects of VMH lesions and 
feeding schedules on the various diets. Deprived groups always ate
significantly more dextrose than stock and at the same time ate far less
quinine than dextrose or stock. The picture is more complex for ad lib 
animals. Groups without VMH lesions ate significantly more dextrose 
than stock and significantly less quinine than anything else. Stock was 
ingested in larger amounts by the ad lib groups with VMH lesions than 
groups without such lesions. Dextrose intake was also higher for VMH
61
and combined lesioned subjects (VMH) than for shams and amygdaloid 
subjects (no VMH). The amount of dextrose consumed by VMH lesioned 
animals, however, was significantly less than their intake of stock.
Also, their rejection of quinine was more marked than that of non-VMH 
lesioned animals.
The prediction that ad_ lib sham controls would not alter their in­
take with the addition of dextrose or quinine to stock diet was not sup­
ported. In fact, their intake increased to dextrose and decreased to 
quinine; the extension of Jacobs' model made above explains this intake 
shift to adulterated diets. When ad lib animals detected sufficient 
deficits of energy to initiate feeding, the taste of the diet further 
altered their perceived energy pools (stores) such that the positive 
taste of dextrose elicited increased intake, while the negative quinine 
caused voluntarily decreased intake. Again, experience was a factor in 
that responses to both quinine and dextrose were less marked on the se­
cond post-operative test (period 4). The deprived control group behaved 
as expected by increasing intake of dextrose and decreasing intake of 
quinine. This pattern of response is indicative of deficient energy 
stores and is similar to intake patterns on pre-operative tests.
None of the predictions made about the expected effects of amygdaloid 
lesions on food intake was verified. It was assumed that amygdaloid le­
sions would cause increased intake of stock on various feeding schedules, 
but that there would be no response to dietary adulterations. The pre­
sumed similarity of the amygdaloid and normal subjects’ ad lib feeding 
patterns was confirmed; that is, the ad lib amygdaloid subjects altered 
their intake in response to taste properties in a manner which paral­
lelled that of shams. Amygdaloid subjects on a deprivation schedule 
responded to quality as did deprived shams. These results are comparable
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to those obtained by Rosen (1968a, b) whose amygdaloid lesioned groups 
were not significantly different from normals in food intake. However, 
her failure to find increased intakes of 33% dextrose/stock diets for 
either normal or amygdaloid subjects is most likely due to methodologi­
cal differences. When given four days of ad lib access to dextrose 
adulterated diets , her animals probably lowered their intake due to the 
caloric content of the food (as did control subjects in Teitelbaum's 
(1955) study using 50% dextrose diets). That is, her study showed that 
amygdaloid lesioned animals regulate intake to the same extent as shams, 
while the present study indicates that their response to taste proper­
ties is also comparable to that of sham controls.
Combined VMH and amygdaloid lesions produced changes in food intake 
similar to those induced in subjects with VMH lesions only, as was pre­
dicted. However, combined lesioned animals were not more hyperphagic 
than subjects with only VMH damage, which is contrary to what Morgane 
and Kosman (1960) had found in VMH-amygdaloid lesioned cats. The present 
results support the assumption that the effects of VMH lesions predomi­
nate in preparations with both amygdaloid and VMH damage. This generali­
zation must be qualified. In support of earlier findings by Brooks and 
Lambert (1946), Epstein (1959), and Corbit and Stellar (1964), animals 
with VMH lesions maintained on deprivation schedules did not develop 
obesity. Although their study did not involve depriving lesioned sub­
jects, Graff and Stellar (1962) found that finickiness was obtained 
following VMH damage even when no hyperphagia or obesity developed. In 
the present experiment, the results of the deprived subjects with ven­
tromedial damage substantiate their conclusion that obesity is not a 
necessary condition for finickiness.
VMH destruction caused overconsumption of stock and dextrose
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adulterated diets in the present study when animals were feeding ad 
lib. Contrary to Teitelbaum's (1955) finding that dynamic VMH subjects 
did not significantly alter their intake with addition of dextrose, the 
present animals ate significantly less of the positively flavored diet. 
Results similar to those obtained here have been reported. Soulairac 
(1967) states that "an animal suffering from hypothalamic lesions that 
increase its food intake on any diet offered will eat less of a ration 
rich in carbohydrate than of one rich in lipids; it behaves as though 
its food intake were limited by its capacity to utilize carbohydrate.
The fatter the animal, the more marked is this phenomenon (p. 389)."
In addition, Brobeck (1946) reports that ". . . in the presence of long 
standing obesity the rat may show impaired glucose tolerance . . * the
animal with hypothalamic lesions may undergo changes in the intermedi­
ary metabolism of carbohydrate which are the result of habitual over­
feeding (p. 557)." The fact that some animals may increase their intake 
of glucose by as much as five times normal following VMH damage (Sou­
lairac, 1967), suggests that other factors than those given above may 
be operating. Kennedy (1967) proposed that level of fat stores present 
when a diet is offered determines whether food intake will increase, de­
crease, or remain unchanged. Because carbohydrates in the form of sugars 
are among the most palatable nutrients available, a more cogent explana­
tion may be that affect has been altered by VMH lesioning. This latter 
notion has been favored by Grossman (1966), Nachman (1967), Soulairac 
(1967), and Rosen (1968a, b).
Miller, Bailey, and Stevenson (1950) reported decreased VMH toler­
ance of high concentrations of quinine sulfate in high-fat diets. Tei- 
telbaum (1955) reported no change in intake of dynamic VMH subjects with 
addition of .125% quinine to the diet over a 4 day test period. The
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striking rejection by the ad lib dynamic VMH animals in the present 
study suggests that response of dynamics differs when they are required 
to regulate their intake over time on an aversive diet. That is, their 
marked decrease of quinine intake when exposed for only a short time 
lessens when that is the only source of food available for a consider­
ably longer period. Perhaps the effect of VMH lesions is such that an 
abnormal capacity for food discrimination is established (Soulairac,
1967), while the ability to regulate over extended periods is not (Wil­
liams and Teitelbaum, 1959; Teitelbaum, 1955; Brobeck, Tepperman, and 
Long, 1943).
Water Intake
To control for initial differences in body weight, water intake was 
analyzed per unit body weight. Despite this precaution, there was a 
significant test period by amygdaloid - no amygdaloid lesion interaction 
on pre-operative tests as summarized in Table 10. Experience made a dif­
ference for there was a significant effect for test periods. The inter­
action reflected changes for amygdaloid groups on different tests as 
Figure 9 indicates. Since differences in group intakes prior to the sur­
gical manipulation would have confounded post-operative measures, indi­
vidual comparisons were made for the amygdaloid - no amygdaloid groups 
on test 2 to determine if experience had levelled initial differences. 
Tukey’s a. posteriori test was used to compare the mean water/body weight 
ratio for no amygdaloid groups (.1193) with the mean ratio for amygdaloid 
groups (.1230) on test 2. No significant difference between them obtained 
(q = .6607, with 2 and 63 df, p > .01), indicating that differences evi­
dent on first exposure to test conditions were not present after these 
groups were given experience with the diets.
Thus, prior to surgery, the only significant differences among the
TABLE 10
UNWEIGHTED MEANS ANALYSIS OF VARIANCE 
SUMMARY TABLE FOR PRE-OPERATIVE WATER INTAKE/BODY WEIGHT
Source df MS F
Between Subjects 70
VMH Lesion (A) 1 0.00414 0.682
Amygdaloid Lesion (C) 1 0.00383 0.632
Feeding Schedule (E) 1 0.07441 12.270 p < .001
A X C 1 0.01983 3.270
A X E 1 0.00304 0.501
C X E 1 0.00018 0.030
A X C X E 1 0.00466 0.769
Subjects within Groups 63 0.00606
Within Subjects 355
Test Period (B) 1 0.00192 7.500 p < .01
A X B 1 0.00019 0.750
B X C 1 0.00201 7.861 p < .01
B X E 1 0.00192 7.504 p < .01
A X B X C 1 0.00028 1.100
B X C X E 1 0.00010 0.385
A X B X E 1 0.00037 1.460
A X B X C X E 1 0.00029 1.115
B X Subjects within Groups 63 0.00026
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Table 10, Continued
Source df MS F
Diets (D) 2 0.02151 63.268 p < .0005
A X D 2 0.00063 1.852
C X D 2 0.00027 0.799
D X E 2 0.00208 6.104 p < .005
A X C X D 2 0.00004 0.115
A X D X E 2 0.00023 0.680
C X D X E 2 0.00026 0.751
A X C X D X E 2 0.00000 0.015
D X Subjects within Groups 126 0.00034
B X D 2 0.00068 3.177
A X B X D 2 0.00023 1.053
B X C X D 2 0.00005 0.218
B X D X E 2 0.00026 1.203
A X B X C X D 2 0.00007 0.337
A X B X D X E 2 0.00010 0.470
B X C X D X E 2 0.00007 0.320
A X B X C X D X E 2 0.00044 2.050
B X D X Subjects within Groups 126 0.00021
To tal 425
FIGURE 9
PRE-OPERATIVE WATER INTAKE/BODY WEIGHT RATIOS AS A FUNCTION OF 
DIETS AND TEST PERIODS FOR POTENTIAL AMYGDALOID - NO AMYGDALOID 
LESION GROUPS BY FEEDING SCHEDULES
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potential lesion and control groups were a function of feeding sche- 
dul es. The deprived groups had higher water/body weight ratios than 
subjects feeding ad lib; this difference increased on test 2 as the 
deprived groups ingested even more water per unit body weight than ad 
lib animals who lowered intake.
Diets significantly affected the water/body weight ratio. More 
water was ingested when stock diet was given. Significantly less water 
was taken when either of the adulterated diets was available. In ad­
dition, water intake was markedly lower for dextrose diets than for 
quinine. These differences, and in the same directions, were obtained 
by Rosen (1968a, b). The striking decrease in water intake with dex­
trose adulteration was not unexpected. Bruce and Kennedy (1951) had 
reported that "the fact that glucose, which because of its osmotic 
pressure might be expected to increase the demand for water during 
absorption, actually diminished it, suggests that absorption is not 
the determining factor of water intake . . . the clear increase in de­
mand caused by increasing the nitrogen content of the diet makes it 
more probable that the principal determinant is the excretory demands 
of the kidney (p. 542)."
But the higher water intake/body weight ratio for deprived animals 
is contrary to existing literature on water as a function of depriva­
tion (Bolles, 1967). The water intake in the present study was analyzed 
without the correction for weight differences. The feeding schedule 
main effect was not significant (F = 2.649, with 1 and 63 df, p > .01) 
although there was a significant diet by feeding schedule interaction 
(F = 8.870, with 2 and 126 df, p < .005). These results are consistent 
with those of Kutscher (1969) who found that the water intakes of rats 
on 22-hour food deprivation were maintained or only slightly decreased.
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However, Bolles (1961) found decreased water intake for rats who were 
food deprived. And he went on to conclude that "there was no indica­
tion that the animals learn to increase their consumption of the avail­
able commodity with continued deprivation experience; intake seems to 
be under the direct control of the conditions of deprivation (p. 583)."
The significant deprivation effects obtained in the present study when 
water intake was considered as a function of the animal’s body weight 
(and as above analyses indicated, deprived subjects weighed significantly 
less than ad lib subjects), strikingly illustrates that deprived animals 
who have been adapted to a deprivation schedule can and do learn to in­
crease consumption of water when it is the only available commodity.
Following surgery, the effect of VMH lesions on water/body weight 
ratios was marked as indicated in both Table 11 and Figure 10. Amyg­
daloid lesions produced no measurable alterations in water intake.
Both ad lib and deprived groups with VMH lesions had water ratios which 
were significantly elevated over those of the ad lib and deprived non- 
VMH lesioned groups.
There was a significant VMH lesion by test period by feeding sche­
dule interaction as is evident in Figure 10. On test 3 the VMH lesioned 
groups feeding ad lib drank more on all diets than VMH deprived animals 
although both groups drank strikingly more than other subjects. This 
marked elevation was reduced on test 4 for the ad lib group while water 
intake for VMH deprived subjects remained at about the same increased 
level. Water intake patterns of the sham and amygdaloid only groups 
(no VMH) were virtually identical on post-operative tests 3 and 4, and 
parallelled pre-operative functions with only slight increases (probably 
accounted for by growth). As was true prior to surgery, water/body weight 
ratios were higher for deprived than for ad lib groups without VMH damage.
TABLE 11
UNWEIGHTED MEANS ANALYSIS OF VARIANCE 
SUMMARY TABLE FOR POST-OPERATIVE WATER INTAKE/BODY WEIGHT
Source df MS F
Between Subjects 70
VMH Lesion (A) 1 0.64579 9.692 p < .005
Amygdaloid Lesion (C) 1 0.09288 1.394
Feeding Schedule (E) 1 0.00358 0.054
A X C 1 0.17105 2.567
A X E 1 0.13395 2.010
C X E 1 0.09758 1.464
A X C X E 1 0.05338 0.801
Subjects within Groups 63 0.06663
Within Subjects 355
Test Period (B) 1 0.02302 8.921 p < .005
A X B 1 0.02088 8.091 p < .01
B X C 1 0.00411 1.592
B X E 1 0.02017 7.816 p < .01
A X B X C 1 0.00483 1.873
B X C X E 1 0.00568 2.201
A X B X E 1 0.01050 4.070 p < .05
A X B X C X E 1 0.00638 2.471
B X Subjects within Groups 63 0.00258
70
71
Table 11, Continued
Source df MS F
Diets (D) 2 0.03163 34.928 p < .0005
A X D 2 0.00159 1.761
C X D 2 0.00218 2.403
D X E 2 0.01777 19.626 p < .0005
A X C X D 2 0.00050 0.547
A X D X E 2 0.00523 5.776 p < .005
C X D X E 2 0.00145 1.601
A X C X D X E 2 0.00012 0.129
D X Subjects within Groups 126 0.00091
B X D 2 0.00058 1.039
A X B X D 2 0.00097 1.740
B X C X D 2 0.00079 1.420
B X D X E 2 0.00007 0.124
A X B X C X D 2 0.00061 1.086
A X B X D X E 2 0.00055 0.993
B X C X D X E 2 0.00016 0.282
A X B X C X D X E 2 0.00029 0.527
B X D X Subjects within Groups 126 0.00056
Total 425
FIGURE 10
POST-OPERATIVE WATER INTAKE/BODY WEIGHT RATIOS AS A FUNCTION OF 
DIETS AND TEST PERIODS FOR VMH - NO VMH LESIONED GROUPS
BY FEEDING SCHEDULES
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Also significant following surgery was the VMH lesion by diet by 
feeding schedule interaction. In all cases but one (VMH deprived 
group on test 3) more water was ingested when stock was available than 
for the adulterated diets. Less water was drunk on dextrose than qui­
nine diets, again similar to the pre-operative pattern. The water in­
take pattern was initially (test 3) different for the VMH deprived 
group. Here intake was lowest when stock was given, slightly higher 
when dextrose was available, and markedly Increased over stock intake 
with quinine additive. This trend did not persist, for on test 4 the 
stock-greater-than-quinine-greater-than-dextrose pattern prevailed.
Hypothalamic hypodipsia which has been reported by Miller, et al.
(.1950) was not observed in the present study; results support those of 
Bruce and Kennedy (1951) who found no cases of hypodipsia following 
VMH lesions. The post-operative analyses of food/body xveight ratios 
showed that VMH lesioned animals consumed more than non-lesioned groups 
feeding ad lib. The increased water/body weight ratios presented here 
parallelled the increased food intake following VMH damage, as was also 
found by Corbit and Stellar (1964). The reduction in water intake for 
the ad lib hypothalamic subjects may be explained by reports that "in 
animals which exhibited polydipsia as well as hyperphagia the absolute 
level of water intake was much greater during the hyperphagic stage 
than subsequently . . . The high initial level of water exchange can
therefore probably be regarded as secondary to the increased food in­
take (Bruce and Kennedy, 1951, p. 530)." However, the increased water 
intake of hypothalamic hyperphagic animals, according to Strominger 
(1947), "is not larger than would be expected from their huge food in­
takes (p. 284)."
One particularly interesting aspect of the present data is the
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finding that animals with VMH destruction who are maintained on a food 
deprivation schedule on which they do not exhibit hyperphagia, do ex­
hibit polydipsia. The alteration in water regulation following such 
lesions (Miller, et al., 1950) appears not to be affected by a feeding 
schedule which permits access to unlimited amounts of water even when 
the quantity of food is restricted.
Body Temperature
Rectal temperatures of all lesion groups and the sham operates were 
analyzed according to feeding schedules. An unweighted means analysis 
of variance on the means presented in Table 12 showed that none of the 
groups was significantly different. The average rectal temperature 
was 36.1°C.
These results are consistent with predictions made and with earlier 
studies. Amygdaloid groups were not significantly different from nor­
mals or VMH lesioned animals in the study by Rosen (1968a). The pre­
sent findings contradict those of Mayer and Greenberg (1953) who obtained 
elevated body temperatures. Supported here is the conclusion that no 
deficits in long-term maintenance of body temperature follow VMH (Ken­
nedy, 1953; Brobeck, 1946; Ehrlich, 1964) or amygdaloid lesions (Anand 
and Brobeck, 1952).
TABLE 12
MEAN BODY TEMPERATURES PER LESION GROUP 
AS A FUNCTION OF FEEDING
Ad Lib 23-Hr. Deprived
VMH 35.8°C 35.8°C
VMH-Amy gd alo i d 36.6 °C 35.8°C
Sham 36.6°C 36.8°C
Amygdaloid 35.7°C 35.6 °C
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SUMMARY
The purpose of the present study was to determine whether there 
was justification for assuming that Jacobs1 energy-balance theory could 
explain the feeding behavior of animals with damage in the ventromedial 
hypothalamus, amygdaloid nuclei, or both. The obtained results suggest 
that a new model, based on energy-balance but modifying Jacobs1 theory, 
more appropriately accounts for the data.
Jacobs’ model maintains that animals who are in a state of energy 
balance or surfeit regulate food intake on a long-term basis on the 
caloric value, while animals who are in a state of deficit energy stores 
regulate on the basis of the taste properties of the diet. Energy defi­
cit has been induced in animals by placing them on some sort of depriva­
tion schedule; their intake of diets with various adulterants seems to 
be analogous to the "finickiness” of animals who have suffered VMH 
damage and are overreactive to the qualitative aspects of food. The 
numerous studies reviewed by Jacobs and Sharma (19 69) support his theory. 
However, most of the supporting data were obtained on adulterated liquid 
diets which were tested (available) over at least several days.
The present experiment was designed to examine his theory when all 
test diets used a solid food base and when only the initial response of 
the animals to various diets was investigated. In other words, when the 
experimental design was such that the animal was not in a state of in­
creasing energy deficit, but was in a relatively constant state of en­
ergy balance or deficit, did he respond to "positively" and "negatively" 
flavored solid food diets on the basis of caloric content or taste? And
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further, when perceived energy states were experimentally disturbed by 
lesions assumed to affect feeding behavior, which component— taste or 
calories— governed food intake?
Pre-operative tests attempted to answer the first question. Two 
groups of rats were adapted to either acl lib or 23-hour food depriva­
tion schedules using ground meal as the stock diet. These animals were 
then given either a dextrose/mean or quinine/meal diet twice separated 
by at least 3 days on stock. Response of animals on both feeding sche­
dules was to the taste of the diet: intake increased when dextrose was
available, and decreased when quinine was given. Jacobs’ model pre­
dicted the response to taste for deprived subjects but not for ad lib 
subjects. The qualitative aspects of the diet presented elicited a 
response from animals in a state of presumed energy balance to at least 
the same degree as that of subjects in energy deficit. This responsive 
ness t.o flavor persisted when the same diets were presented again, de­
creasing somewhat for ad lib subjects while increasing for deprived ani 
mals. The bulk of the food, solid or liquid, does not seem to matter. 
Thus, Jacobs’ theory adequately predicts initial response to various 
diets only for animals in an involuntary deficit energy state.
Lesions of the ventromedial hypothalamus resulted in hyperphagia. 
Combined lesions of both the VMH and amygdala also caused hyperphagia 
but no greater than that for VMH lesions alone. This was true for ani­
mals feeding ad lib; hyperphagia did not develop when lesioned subjects 
were maintained on a deprivation schedule. Thus, the effect on intake 
in combined lesioned subjects appears to be primarily a function of the 
VMH damage. Amygdaloid lesions did not alter feeding patterns; amygda­
loid animals ingested approximately the same amount as sham controls. 
The effect of these various lesions on food intake was mixed.
The VMH group feeding acl lib ate more stock than the adulterated 
diets. Significantly less dextrose was consumed than stock and quinine 
was ingested significantly less than dextrose. Decreased intake to 
dextrose was probably due to an inability to use carbohydrates adequately 
(Soulairac, 1967) while the response to quinine represented hypersensi­
tivity to negative taste. The intake patterns of all other groups, de­
prived subjects with VMH lesions and both ah lib and deprived non-VMH 
lesioned groups, were similar to each other. Intakes increased when 
dextrose was given and decreased to quinine. This response pattern for 
non-VMH lesioned animals was explained previously. The quantity of each 
diet consumed by the deprived VMH and deprived non-VMH animals was vir­
tually identical. That is, normal animals in a state of energy deficit 
due to a chronic deprivation schedule were "finicky" to exactly the 
same degree as VMH lesioned subjects who had both schedule and lesion 
induced deficits. Thus, according to Jacobs’ use of the VMH - deprived 
normal analogy, the correspondence seems to be more accurate when ap­
plied to VMH deprived than VMH ad lib groups. Given the results of the 
present study, then, Jacobs’ model is strictly correct in predicting 
feeding behavior only for animals on a deprivation schedule, regardless 
of lesion condition.
Further studies based on Jacobs’ theory of energy-balance should pay 
more attention to initial response to various diets. It is the initial 
response with which Jacobs’ theory is, in fact, concerned; this has com­
monly been ignored. With this fact in mind, and in light of the data 
obtained in the present study, a new model is proffered which takes the 
existing state of energy pools (or energy stores) as the determiner of 
feeding behavior.
This model, presented in Figure 11, does not assume that the animal
FIGURE 11
ENERGY-BALANCE MODEL MODIFIED FROM JACOBS' THEORY 
TO INCLUDE INITIATION AND CESSATION OF FEEDING 
IN RESPONSE TO VARIOUS DIETS
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is eating. Feeding, rather, is considered to be governed by the state 
of the energy pool as detected by the animal at that time. If the en­
ergy pool is in a state of excess or balance, the detector will signal 
satiety (perhaps even uncomfortably so) and no ingestion will take 
place. Since food is not taken into the body, the energy stores are be­
ing used and not replaced. The animal will continue to abstain until a 
state of deficit is detected. This model assumes that some deficiency 
must exist before the animal will even begin to sample food. However, 
degrees of deficit may be registered; these are assumed to play differ­
ent roles in food ingestion. Both mild and severe deficit will cause 
the animal to sample and then evaluate the food— on the basis of taste. 
Affective state is based on the integration of the degree of deficit 
with the evaluation of the taste of the diet sampled. If the deficit 
is mild, he will be hyperreactive to stimulus cues and taste will be 
the primary cue used to govern further ingestion: increased intake to
positive taste; stable intake with neutral taste; decreased intake with 
negative taste. When the animal increases or maintains a given level 
of intake, the energy pool is increased up to the point that the animal 
detects satiation. Detection of negative taste in the presence of only 
mild deficit, however, leads to voluntary decrease in intake and, con­
sequently, further depleted energy stores. This voluntary depletion 
can go only so far; when severe deficiency exists, he becomes less re­
active to stimulus cues and ingestion will take place no matter what 
the food tastes like. That is, in severe energy deficit, the animal 
will eat calories merely to maintain life. By ingesting any food in the 
presence of severe deficit, the state of the energy pool will be some­
what increased, thus possibly increasing responsiveness (affective state) 
to taste as a function of increased energy stores. Again, though, further
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eating will not occur until some degree of deficit is detected.
This modified energy-balance model appears to be an efficient and 
complete description of feeding behavior because it handles both ini­
tiation and cessation of feeding, and subsequent intake patterns. Ini­
tiation of eating occurs only when energy deficit exists. If the defi­
cit is mild, as is usually the case in short-term, daily regulation, 
taste will be the primary cue governing type and amount of food ingested.
In severe energy deficit, which presumably occurs only over an extended 
period of voluntary or involuntary deprivation (i^. cm , long-term regula­
tion) , the need for calories results in ingestion of any available diet, 
no matter what the taste.
Amygdaloid lesions in the present experiment produced no measurable 
changes in feeding behavior. However, the extent of damage to the amyg­
daloid nuclei was massive in most cases. The very discrete lesions in 
this complex made by Grossman and Grossman (1963) did have differential 
effects on food and water intakes. Further studies employing discrete 
damage to the amygdaloid nuclei are badly needed, especially as such le­
sions relate to changes in feeding patterns and body weight. No such 
detailed study has been done to date. To conclude that amygdaloid dam­
age never alters feeding behavior is unfounded without more data.
Given that damage to specific nuclei within the amygdaloid complex 
is eventually shown to produce reliable changes in feeding, combined 
VMH-amygdaloid lesioned preparations could be studied in detail. Again, 
the relationships, or lack thereof, between these two areas awaits fu­
ture experimentation. At present, the only tenable conclusion as to 
their functional relationship is that VMH damage seems to be that which 
is primarily responsible for alterations in feeding behavior following 
combined lesions.
Finickiness was evident in the response of the VMH lesioned groups 
in the present study to positively and negatively adulterated diets. 
However, the degree of reactivity was a function of the feeding sche­
dule to which subjects had been adapted. Those dynamic VMH animals on 
a deprivation schedule did not become obese or hyperphagic; the degree 
of their responsiveness to test diets was identical to that of the de­
prived sham control group. VMH animals feeding ad lib became both hy­
perphagic and obese. Their food intake/body weight ratio decreased with 
time; in the present case it seems that their food intake did not keep 
up with their increase in body weight. This contradicts Teitelbaum’s 
(1955) contention that dynamics are unresponsive to qualitative changes 
in diet because they are eating heedlessly. The ad lib fed VMH subjects 
in the present study were more sensitive to sensory aspects than shams. 
They more strongly rejected quinine than did controls, but unlike the 
latter they did nor increase their intake with dextrose. This decreased 
intake of carbohydrates does not occur in static obese VMH animals (Tei- 
telbaum, 1955).
Data reported here also indicated marked changes in water intake 
occur following VMH lesions. Whereas non-VMH lesioned animals on a de­
privation schedule have a higher water/body weight ratio than a compar­
able ad lib group, deprived VMH lesioned animals have lower ratios than 
similarly lesioned ad lib subjects, although on both schedules the wa­
ter/body weight ratio is significantly higher than controls. Thus, whil 
deprived VMH animals may not show obesity, hyperphagia, or finickiness 
to a greater degree than deprived controls, they do exhibit polydipsia.
In addition, since the rectal temperatures of all groups were approx 
imately 36°C, none of the lesions seemed to produce major metabolic dis­
turbances. The picture of the dynamic VMH animal based on data obtained
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in this study, then, suggests that the effect of the lesions may be 
checked or potentiated by the type of feeding schedule to which the 
animal has been adapted, that finickiness can occur in dynamics but 
the type and degree are a function of feeding schedule, that feeding 
schedules which hinder development (or expression) of hyperphagia do 
not alter the presence or development of polydipsia, and that detect­
able metabolic changes are not a primary consequence of VMH damage.
In summary, Jacobs1 energy-balance model seems to adequately pre­
dict feeding behavior of deprived normal and deprived VMH animals, that 
is, animals in an involuntary state of energy deficit. The responsive­
ness of ad lib groups to the qualitative aspects of various diets is 
due to the detected energy deficit which causes them to start eating, 
as is explained by the modified energy-balance model presented above. 
Further, no measurable changes in feeding patterns seem to accompany 
large amygdaloid damage, and in animals with both VMH and amygdaloid 
lesions, any changes which occur seem due primarily to VMH damage.
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